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ABSTRACT
Hijmans, Kyler Rae. The development of an algorithm for prediabetes screening and
management in rural populations with low socioeconomic status. Unpublished Doctor of
Nursing Practice scholarly project, University of Northern Colorado, 2022.

The prevalence of prediabetes continues to rise in the United States and without effective
intervention, a significant portion of those with prediabetes will go on to develop diabetes.
Prediabetes affects approximately one-third of the population (96 million American adults) and
80% of those people are unaware of their prediabetic status. Proper screening for prediabetes
could provide patients with access to necessary interventions, such as intensive lifestyle
modifications or pharmacologic treatments, that could prevent or delay the onset of diabetes.
Preventing diabetes is important because diabetes is responsible for a significant share of the
economic burden of health care in the United States, costing over $200 billion annually. Because
the prediabetic state is generally asymptomatic, people with low socioeconomic status or in rural
areas are more likely to be among those unaware of their status because they are less likely to
have been screened. Additionally, people in rural communities and those with low
socioeconomic status face overlapping challenges that reduce their access to health care and
health screenings. Because of this and other social determinants of health, populations with low
socioeconomic status and those in rural areas face disparities in prediabetes and diabetes
diagnosis. Appropriate screening and effective management are keys to achieving health equity
in care for prediabetes. The purpose of this DNP scholarly project was to create an algorithm
based on the best evidence available for advanced practice healthcare providers to guide the
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screening and management of prediabetes in patients with low socioeconomic status in rural
areas. The algorithm was validated using a survey of a panel of advanced practice healthcare
providers with expertise in prediabetes and experience working with patients with low
socioeconomic status and in rural areas. The survey contained primarily dichotomous questions
with optional free-text responses. Data from the survey were collected and analyzed to finalize
the algorithm, validate its content, and assess its feasibility. A pilot study for the implementation
of the algorithm in clinical practice was proposed and discussed.
Keywords: prediabetes, prediabetic state, low socioeconomic status, low income, poverty,
rural, screening, algorithm
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CHAPTER I
INTRODUCTION
This chapter discusses background information related to the topic of prediabetes and its
impact on the U.S. healthcare system. The problem and purpose of this Doctor of Nursing
Practice (DNP) scholarly project are introduced, and the research question and objectives are
presented. Concluding this chapter are definitions of the terms used in this scholarly project.
Prediabetes, also referred to as the prediabetic state, is a growing concern that affects
much of the population. According to the Centers for Disease Control and Prevention (CDC,
2022), 37.3 million American adults (11.3% of the total population) have type 2 diabetes
mellitus (T2DM), and 96 million adults (30.8%) have prediabetes. Additionally, the prevalence
of prediabetes continues to grow each year. Research from the CDC showed the number of
adults with prediabetes grew by 10 million over a one-year time frame. Ethnic minorities and
low socioeconomic status communities have higher burdens of prediabetes as members from
those groups face disparities in care quality and disease complications (Nelson, 2002; Peek et al.,
2007). Rural communities, where resource limitations create barriers to healthcare services and
preventative care, also have a higher prevalence of prediabetes than urban areas (Bolin et al.,
2015). The cumulative effect of these problems presents a unique challenge for healthcare
providers who are working to reduce the impact of prediabetes and T2DM on patients who are
both members of a rural community and from a group with low socioeconomic status.
It is important to note that prediabetes is not defined as a clinical diagnosis. Rather,
prediabetes is a clinical state considered a risk factor for the development of T2DM (American
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Diabetes Association [ADA], 2022). Recognition of prediabetes in individuals is a critical
clinical practice because it identifies prediabetic patients allowing preventative interventions to
be targeted toward them. Much of current healthcare practice related to the prevention of T2DM
relies on the results of a systematic review of randomized controlled trials that demonstrate the
efficacy of lifestyle interventions, specifically improvements in diet and physical activity levels,
in reducing the incidence of T2DM in prediabetic populations (Norris et al., 2005).
Pharmacologic agents are also being studied as potential treatments for prediabetes. To translate
this knowledge into practice, screening for prediabetes is essential so interventions can be
implemented to prevent T2DM from developing in the prediabetic population. This DNP
scholarly project utilized current evidence to create and validate a clinical algorithm for
prediabetes screening and management in nonpregnant, adult patients who live in rural
communities and have low socioeconomic status. The algorithm was intended to make clinical
decision-making less burdensome for advanced practice healthcare providers who work in rural
communities and could be utilized to guide targeted interventions and education for prediabetic
patients to reduce the rates of T2DM development in this at-risk population.
Background
It is estimated that about 1 in every 10 adults with prediabetes will develop T2DM
annually without adherence to lifestyle changes (Li et al., 2013). Given that nearly one-third of
American adults have prediabetes, interventions that prevent the development of T2DM in the
prediabetic population are essential to reduce the burden of diabetes in the United States.
Because of its high prevalence, T2DM is responsible for a large share of the economic costs of
chronic disease in the United States (ADA, 2018). The ADA (2018) estimated that $237 billion
in direct costs of medical care were associated with T2DM care and management in 2017 alone.
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This translated to an average cost of $16,750 in annual healthcare expenditures per diabetic
patient (ADA, 2018). Delaying or preventing the onset of T2DM in those who are prediabetic
could protect patients from several comorbidities associated with diabetes such as stroke, heart
attack, renal failure, liver disease, and blindness (ADA, 2022). These comorbidities and
consequences of T2DM are costly to both the individual and to our healthcare system. Screening
and early intervention could improve prognosis because significant benefits in the reduction of
morbidity and mortality could be achieved with early diagnosis of T2DM (Herman et al., 2015).
Early diagnosis allows patients to implement the necessary lifestyle changes that reduce their
diabetes risk. Consuming a healthy diet and adhering to moderate-intensity exercise routines are
interventions that are known to prevent the development of T2DM (Norris et al., 2005). This
knowledge has contributed to the establishment and expansion of the National Diabetes
Prevention Program in the United States, which seeks to provide effective lifestyle prevention
programs in American communities (Albright & Gregg, 2013). Curricula for diabetes prevention
programs are available from the CDC (2021) and can be adapted for use in low socioeconomic
communities. The efficacy of such adaptations is the focus of ongoing research (Carroll et al.,
2015; Kim et al., 2018; Van Name et al., 2016; Walker et al., 2018).
Clear definitions for prediabetes and the prediabetic state are essential for effective
screening and management of the condition. The ADA (2022) defined prediabetes as a clinical
entity that should be considered in individuals whose lab results demonstrated elevated blood
sugar levels, known as hyperglycemia, that were above the normal level but below the threshold
for T2DM. According to the ADA Standards of Medical Care for Diabetes, prediabetes could be
diagnosed and characterized by several different tests: fasting blood glucose, oral glucose
tolerance, and glycosylated hemoglobin A1C (A1C). Each test has its own set of defined
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parameters and diagnostic thresholds for both T2DM diagnosis and the prediabetic state. A1C
levels have become commonly used to identify prediabetes in those at high risk of developing
T2DM. In 2009, the World Health Organization (as cited in Davidson & Kahn, 2016) accepted
the use of A1C levels of 6.0% to 6.4% to define prediabetes. However, in 2010, the ADA
lowered the bottom threshold from 6.0% to 5.7%, a controversial decision that was not endorsed
by the World Health Organization (Gregg et al., 2013). This created higher rates of eligibility for
health benefits for those with prediabetes (Gregg et al., 2013). This wide range cast a larger net
over the population for the distribution of limited resources for prediabetes management in the
United States.
However, regardless of definition, the rates of prediabetes continue to rise in the United
States with the burden of the prediabetic state resting more heavily on ethnic minorities,
populations with low socioeconomic status, and rural communities. Through the lens of health
disparities and health equity, it is understood that the development of T2DM from prediabetes is
the product of a complex interaction of biological and environmental factors. While it is
tempting to attribute health disparities to genetics or biology, the real causes of inequity in health
are social determinants. An example that demonstrates this principle is body mass index, which
is defined as a ratio of height and weight used as a measurement to categorize individuals as
underweight, healthy, overweight, or obese (CDC, 2022). Body mass index is often used as a risk
factor to determine whether or not a patient should be screened for diabetes or prediabetes
(ADA, 2022) but research indicated racial and ethnic minorities demonstrated higher burdens of
T2DM and prediabetes at lower BMIs than age-standardized White populations (Zhu et al.,
2019). This reinforced the conclusion that factors other than being overweight or obese
contributed to higher incidences of T2DM in certain populations. Associations between
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prediabetes and food insecurity further supported this. Food insecurity, which is often used as an
indicator of economic hardship, is highly associated with prediabetes, further demonstrating the
link between prediabetes and social or environmental factors (Lee et al., 2018; Wright et al.,
2019). These disparities highlighted the need for targeted screening and interventions in low
socioeconomic populations to reduce the burden that health disparities in T2DM and prediabetes
placed on the community.
Because the prediabetic state is largely asymptomatic, most people who are affected do
not know their status. Therefore, screening is key to slowing the rapid increase in the percentage
of the population affected by prediabetes and T2DM. In 2010, it was reported that less than 14%
of prediabetic adults were aware of their condition (Li et al., 2013), and the CDC (2021)
estimated that only 20% of the prediabetic population of the United States was aware of their
status. Appropriate screening and education in prediabetic populations could increase the
prediabetic patient’s understanding of their risk for developing of T2DM and the necessary
interventions that mitigated that risk. Proper screening practices would allow advanced practice
healthcare providers to implement effective interventions for prediabetic patients. Additionally,
increasing awareness of prediabetic status among adults could improve health outcomes,
especially when accompanied by the proper medical care and education that leads to adoption of
lifestyle changes necessary to prevent diabetes. Therefore, effective screening and management
of prediabetes are critical to reducing the burden of T2DM in the United States.
Overview of Health Equity
Disparities in the burden of T2DM and prediabetes exist among racial and ethnic
minorities, groups with low socioeconomic status, and rural communities in the United States.
An important concept related to health disparities is health equity, which is defined as a principle
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notable for a commitment to reduce and eliminate health disparities and social determinants of
health (SODH) that cause them (Braveman, 2014). The COVID-19 pandemic illuminated the
depth of health disparities in the United States, and several models and frameworks have been
developed to guide the provision of equitable healthcare for diabetes and prediabetes (Ebekozien
et al., 2020; Golden et al., 2021). The foundation of these models addresses SODH that
contribute to health disparities. The Healthy People 2030 (U.S. Department of Health and
Human Services, n.d.) initiative grouped SODH into five domains: economic stability, health
care access and quality, social and community context, education access and quality, and
neighborhood and built environment. Achieving health equity in diabetes and prediabetes care
requires a comprehensive approach and interventions that target SODH for prevention and
treatment (Haire-Joshu & Hill-Briggs, 2019). Providing equitable healthcare solutions requires
that healthcare providers consider cultural implications when providing care to prediabetic
patients. This is especially true for healthcare providers who manage conditions in patients with
low socioeconomic status in rural areas because poverty, not ethnicity, increases a patient’s risk
for prediabetes. Social determinants of health related to socioeconomic status are the factors that
contribute most to health disparities in prediabetes among racial and ethnic minorities—not
genetics or biology. Achieving healthy equity in prediabetes care requires that healthcare
providers consider the social, economic, and cultural factors that could be barriers or facilitators
to care for interventions to be effective.
Current Guidelines Related to
Medical Care for Prediabetes
Three guidelines are primarily used to guide medical care for diabetes and prediabetes in
the United States: the Standards of Medical Care in Diabetes from the ADA (2022), the
prediabetes and T2DM screening recommendations from the U.S. Preventive Services Task
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Force (USPSTF, 2021), and the American Association of Clinical Endocrinology (AACE;
Garber et al., 2020) comprehensive type 2 diabetes management algorithm. Guidelines for
prediabetes care specific to low socioeconomic or rural populations were not found in the current
literature. However, the ADA Standards of Medical Care in Diabetes stressed importance of
considering social and environmental factors in the clinical decision-making process regarding
patient’s individualized treatment plan that emphasized the importance of considering the needs
of patients in rural populations or low socioeconomic status communities. Likewise, the AACE
algorithm stressed the importance of considering the whole patient when managing prediabetes
and T2DM. The three guidelines presented different approaches to determining who should be
tested for prediabetes and T2DM. Both the ADA and USPSTF guidelines recommended that
patients be assessed for prediabetes risk prior to screening with a diagnostic test, whereas the
guidelines from the AACE recommended screening based on the presence of clinical risk factors
(Handelsman et al., 2015). They also differed in their approach to screening. The USPSTF
suggested an approach based on an individual’s BMI for patients aged 35 to 70 years old
(Davidson et al., 2021). This differed from the ADA’s recommendation that screening be
initiated in all people at age 35 and asymptomatic individuals be screened for prediabetes using
an informal assessment of risk factors or a validated risk calculator. The ADA also used risk
factors for considering testing in overweight or obese adults. All guidelines agreed that screening
tests be performed with fasting plasma glucose, A1C, or oral glucose tolerance test. However,
the AACE recommended that the A1C be used only as a screening tool, with confirmatory
testing by fasting plasma glucose or oral glucose tolerance test (Handelsman et al., 2015). Repeat
screening was recommended at three-year intervals if prior screening results were in the normal
range and patients with prediabetes should repeat screenings on an annual basis (ADA, 2022).
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There was consensus between the guidelines regarding follow-up care and future screenings for
normal results and for those that indicated prediabetes.
Treatment recommendations were provided by the ADA (2022) and by the AACE
(Garber et al., 2020) algorithm but not the USPSTF (2021). The ADA recommended treatment
of prediabetes with referral to an intensive lifestyle behavior change program such as referral to a
diabetes prevention program. The goal of these programs was to achieve and maintain 7%
weight loss, increase physical activity to 150 minutes of moderate-intensity activity per week,
and improve nutrition (ADA, 2022). Further discussion of the role of diabetes prevention
programs in prediabetic patients with low socioeconomic status is presented later in this chapter.
Metformin therapy, while not approved for diabetes prevention by the U.S. Food and Drug
Administration (FDA), is recommended for consideration in certain subgroups of patients with
prediabetes by the ADA and AACE (ADA, 2022; Handelsman et al., 2015). Pharmacologic
treatments are also discussed in the upcoming chapter in the literature synthesis. In addition, both
the ADA and AACE recommended that healthcare providers screen for and treat modifiable
cardiovascular disease risk factors in patients with prediabetes because of the association
between prediabetes and cardiovascular disease (ADA, 2022; Handelsman et al., 2015).
While these guidelines exist, they are not always applied in clinical practice. For
example, the Standards for Medical Care in Diabetes from the ADA (2022) are long and are
frequently updated. It is difficult for advanced practice healthcare providers who practice in
primary care to stay abreast of changes and incorporate them into practice without useful clinical
decision-making tools.
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Algorithms
Clinical algorithms are tools used to guide a sequential decision-making process related
to patient care (Margolis, 1983). Clinical algorithms are appropriate for clinical decisions that
can be standardized and should be written using expert consensus (Margolis, 1983). The
screening and management of prediabetes in low socioeconomic populations are suitable for a
clinical algorithm to streamline decision-making for advanced practice healthcare providers and
improve outcomes related to prediabetes care.
Statement of the Problem
Prediabetes affects a large and growing proportion of American adults, a significant
number of whom will go on to develop T2DM. Comorbidities associated with T2DM could be
expensive and, as a result, T2DM is costly to both the individual and the U.S. healthcare system.
Because the development of T2DM could be prevented through adherence to lifestyle
modifications or pharmacologic treatments, effective algorithms for the screening and
management of prediabetes are important for advanced practice healthcare providers who wish to
reduce the impact of prediabetes and T2DM on their patients and the communities in which they
serve. Because there is strong evidence that patients with low socioeconomic status are at higher
risk for prediabetes (Zhu et al., 2019), the development of an algorithm for prediabetes screening
and management in low-income communities could be an effective means of improving patient
care by increasing the utilization of evidence-based practice and reducing the burden of decision
making by advance practice healthcare providers.
Purpose of the Project
This DNP scholarly project aimed to validate an algorithm for prediabetes screening and
management among low socioeconomic populations in rural communities that utilized evidence-
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based interventions to reduce the risk of T2DM development. For this project, an algorithm was
developed using current literature and was validated for use by a panel of expert advanced
practice healthcare providers with experience in providing care to patients with prediabetes and
low socioeconomic status. A future pilot study will test the developed algorithm with patients
after completion of this scholarly project.
Need for the Project
There was a clear need for prediabetes to be addressed and managed to prevent the onset
of T2DM in American communities, especially among low-income populations and especially in
rural areas. This DNP scholarly project offered advanced practice healthcare providers an
algorithm (see Appendix A) that could be utilized in the screening and management of patients
with prediabetes.
Project Question
This DNP scholarly project was guided by the following research question:
Q1

How can current evidence and feedback from a panel of expert clinicians be
integrated to develop an algorithm to guide the screening and treatment of
prediabetes in adults with low socioeconomic status in rural communities?
Objectives of the Project

The objectives of this DNP scholarly project were as follows:
1.

Review the literature to determine the best practices for screening and treatment
of prediabetes in adults with low socioeconomic status.

2.

Utilize the literature review to develop an evidence-based algorithm for the
screening and management of prediabetes in adults with low socioeconomic status
that could be implemented in the outpatient clinical setting.
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3.

Collect and analyze feedback from an assembled panel of clinical experts
regarding the content and feasibility of the algorithm, making revisions until
group consensus is achieved.

4.

Develop a pilot study in which the algorithm is implemented by healthcare
providers to screen and treat prediabetes in adults with low socioeconomic status
in an outpatient clinical setting.
Summary

Prediabetes is a growing problem with nearly one-third of the adult population in the
United States affected (CDC, 2022). A small portion, less than 15%, of that population is aware
of their glycemic status (Li et al., 2013). Lifestyle changes have proven to be effective
interventions that prevent the development of T2DM in patients with prediabetes (Norris et al.,
2005). However, without awareness of their prediabetic status, it is unreasonable to expect
patients with prediabetes to adhere to interventions proven to reduce the risk of T2DM. Because
the development of T2DM is dependent on the SODH rather than biological factors, combating
health disparities requires that healthcare providers target efforts to screen for and manage
prediabetes among low socioeconomic communities in rural areas. This DNP scholarly project
addressed this issue by utilizing current evidence and feedback from a panel of experts to
validate an algorithm that advanced practice healthcare providers could use for prediabetes
screening and management in low socioeconomic populations in rural communities.
Definitions of Terms
Advanced Practice Healthcare Providers: Healthcare providers such as doctors, nurse
practitioners, and physician assistants who administer healthcare through the assessment,
diagnosis, and treatment of patients and their medical conditions
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Ethnicity: The group to which an individual might identify with based on perceptions of cultural
factors that make that group distinct.
Health Disparities: Preventable differences in the burden of disease by socially disadvantaged
populations (CDC, 2022).
Health Equity: The underlying goal of the highest standard of health for all and a commitment
to the reduction of health disparities (Braveman, 2014)
Health Promotion: A core function of public health in which individuals are equipped with the
ability to improve and increase control over their health.
Hemoglobin A1C (A1C): A blood test that indicates the average blood sugar levels of an
individual over a three-month time span.
Lifestyle Changes: The implementation of dietary modifications and increased levels of
physical activity that have been proven in the literature to prevent or delay the onset of
diabetes in those who are at risk.
Prediabetes: A condition in which a patient’s blood sugar levels are higher than normal but
below the threshold for diagnosing type 2 diabetes mellitus (ADA, 2022).
Prediabetic State: The glycemic status of an individual that constitutes prediabetes as defined
above.
Risk Assessment: A tool used to identify a patient’s risk of developing a problematic condition,
such as diabetes or prediabetes, including both non-invasive screening methods such as
surveys and blood tests.
Rural: People, communities, and territories that are not in urban areas. In Colorado, rural
counties are those with cities under 50,000 residents and frontier counties are a subset of
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rural with a population density of six or few residents per square mile (Colorado Rural
Health Center, 2018).
Social Determinants of Health: The conditions of a person’s life such as housing, employment,
and education that affect their health and quality of life (CDC, 2022).
Socioeconomic Status: The social standing of an individual or group often measured by income,
educational attainment, financial security, and subjective perception of social class
(American Psychological Association, 2022).
Type 2 Diabetes Mellitus (T2DM): A condition in which the body does not appropriately
respond to insulin that is characterized by hyperglycemia and its sequelae (ADA, 2022).
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CHAPTER II
REVIEW OF THE LITERATURE
This chapter provides an overview of the current knowledge related to the topic of this
DNP scholarly project—prediabetes in low socioeconomic populations in rural communities.
The history of prediabetes is discussed and followed by a synthesis of the literature review of
current research related to the topic. Finally, an overview of the Stetler (2001) model, the
theoretical framework applied to this DNP project, is provided.
Historical Background
Symptoms consistent with diabetes were present in ancient historical texts but the
diagnosis and treatment of diabetes is a modern phenomenon. Prediabetes became a formal
clinical entity in the 1990s. Since then, there have been frequent revisions to clinical
recommendations regarding diagnosis until the current standard was accepted in 2010 (Davidson
& Kahn, 2016).
History of Diabetes Mellitus
While recognition of the prediabetic state is a modern convention, diabetes has a long
history with documentation of the condition in early scholarly work dating back over 3,000
years. Ancient Egyptian texts from 1500 B.C. described patients with excessive thirst and
urination, common symptoms of diabetes (Karamanou et al., 2016; Lakhtakia, 2013). Similar
descriptions were noted in the ancient medical literature from Indian, Chinese, Greek, and Arab
scientists and physicians (Karamanou et al., 2016; Lakhtakia, 2013). Even the term diabetes
mellitus has its origins in the history of the disease. “Diabetes” was coined by a Greek physician
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in the first century A.D. meaning “siphon,” which described the excessive urination he observed
in patients, and “mellitus” from Latin, meaning “sweet like honey”, which was first used in the
17th century based on a physician’s observation of the sweetness of the urine of diabetic patients
(Karamanou et al., 2016; Lakhtakia, 2013). Modern diagnosis and treatment of elevated blood
sugar levels began in the late 1900s. The development of treatments followed shortly after,
beginning with insulin therapy extracted from bovine sources in the 1920s. Insulin from humans
and biosynthetic insulin was discovered in the 1980s (Karamanou et al., 2016; Lakhtakia, 2013)
and novel treatments for diabetes mellitus are still of interest to many researchers today.
Historical Patterns of Diagnosing
Prediabetes
The term prediabetes is used to describe the state of an individual with elevated glycemia
that is not high enough to meet the criteria for diabetes diagnosis (ADA, 2022). Prediabetes has
been described as a risk factor, rather than a clinical entity or diagnosis, because individuals with
prediabetes are presumed to be at increased risk for the development of diabetes (ADA, 2022;
Davidson & Kahn, 2016). The ADA first established the parameters for the prediabetic state in
1997 based on impaired fasting glucose levels. As healthcare technology evolved, hemoglobin
A1C testing became commonly used to characterize prediabetes and to diagnose type 2 diabetes
mellitus (T2DM). In 2008, an invited expert panel (IEP) in the United States convened to discuss
current evidence and provide updated guidance to the ADA 1997 recommendations (Davidson &
Kahn, 2016). The IEP specifically debated the use of A1C testing. The experts recommended
that A1C levels of 6.5% or greater be used as the diagnostic threshold for diabetes and suggested
that individuals with A1C of 6.0-6.4% have further testing and close follow-up (Davidson &
Kahn, 2016). These early recommendations from the IEP became more specific in 2009 when an
international expert committee at the World Health Organization recommended that A1C levels
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of 6.0% to 6.4% be used to define prediabetes (Davidson & Kahn, 2016). In 2010, the ADA
lowered the bottom threshold for prediabetes to 5.7%, making the A1C diagnostic range for
prediabetes 5.7% to 6.4%, a controversial decision that was not endorsed by the World Health
Organization (Davidson & Kahn, 2016). The use of the ADA definition for prediabetes expanded
the number of Americans who met the criteria to a vast portion of the population, nearly 40%
(Gregg et al., 2013).
Utilizing diagnostic cut-points for A1C testing for prediabetes was significant because of
its impact on treatment eligibility, primarily the participation in structured and billable diabetes
prevention programs and evidence-based curricula known to prevent or delay T2DM onset
through lifestyle changes (Gregg et al., 2013). Because a number of randomized controlled trials
demonstrated that lifestyle interventions could prevent or delay the onset of T2DM, the CDC
established the National Diabetes Prevention Program in 2010 (Albright & Gregg, 2013). The
great challenge of implementing a widespread diabetes prevention program has been overcoming
the cost to deliver the curriculum. There were four elements to the National Diabetes Prevention
Program’s strategy: training the workforce to deliver the program, providing national recognition
to programs that meet standards, development of intervention sites and payment models, and
health marketing (Albright & Gregg, 2013). The growing burden of T2DM on healthcare costs
and infrastructure drove the push to deliver interventions to at-risk communities. Much of the
current research related to prediabetes in low socioeconomic populations focused on the efficacy
of such prevention programs and the translation of the National Diabetes Prevention Program
into programs intended for use in specific patient populations such as certain ethnic groups or
communities with low socioeconomic status. This is further explained in the following review of
the literature.
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Prediabetes in Rural Communities
It has been well documented that rural communities face significant health disparities due
to several social determinants of health such as financial insecurity, low educational attainment,
and limited resources, which was noted by an undersupply of doctors, nurses, dentists,
pharmacists, and medical specialists in rural areas (Bolin et al., 2015). Rural America
encompasses a very large geographic area and it is incorrect to categorize rural as White and
urban as ethnically diverse. A growing level of ethnic diversity among American rural
communities tended to reflect historical migration patterns in the United States (Bolin et al.,
2015). However, no matter the location of the community and the ethnicity of the people, those
who lived in rural areas were more likely to be impacted by poverty than those living in urban
areas (Bolin et al., 2015). While it was known that rural communities had higher burdens of
chronic disease, including prediabetes, than rural areas, very little research was available related
to prediabetes in rural America. In rural communities, uninsured or under-insured people
typically received medical screenings from the public health department. Limited resources and
inconsistent screening practices often led to missed prediabetes diagnoses (Abbott et al., 2020;
Rariden et al., 2015). Because of the lack of literature specific to prediabetes in rural
communities and the overlapping influence of low socioeconomic status on rural communities
regardless of ethnicity and location, the following literature review is focused on prediabetes in
low socioeconomic populations.
Literature Review Methodology
This literature review included research with quantitative and qualitative data related to
the topic of prediabetes in low socioeconomic populations. Initial article selection was completed
using the Cumulative Index to Nursing and Allied Health Literature (CINAHL) Plus with Full
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Text and PsychInfo databases accessed between January 2022 and April 2022. The terms and
Boolean operators used for the search were “prediabetes” OR “prediabetic state” AND “lowincome” OR “poverty” OR “low socioeconomic status.” The search was limited to Englishlanguage journal articles published from 2016 to 2021 in the United States.
A total of 43 articles were identified and after three duplicates were removed, 40 articles
were screened for inclusion. Inclusion criteria were the research (a) was relevant to prediabetes,
(b) focused on low socioeconomic populations, and (c) studied an adult population. Exclusion
criteria included (a) research that was conducted outside of the United States, (b) the study was
not related to prediabetes, (c) research that did not include implications related to socioeconomic
status, (d) the article was a proposed study protocol, (e) a pediatric population was utilized, (f)
pharmaceutical interventions were utilized, and (g) a high socioeconomic population was
studied. From the reviewed articles, 21 articles were selected for inclusion. The PRISMA
diagram in Appendix B explains how the 19 discarded articles were excluded according to the
above criteria.
Of the 21 articles included in this review, five were randomized controlled trials (Desai et
al., 2020; Hays et al., 2016; Kramer et al., 2018; Mayer et al., 2019; Van Name et al., 2016),
three were experimental studies (Joachim-Célestin et al., 2021; Kim et al., 2018; Walker et al.,
2018), 10 were cohort studies (Albertorio-Diaz et al., 2017; Kim et al., 2018; Lee et al., 2018;
Lindberg et al., 2019; Montgomery et al., 2017; Murillo et al., 2017; Ritchie & Gritz, 2018;
Strodel et al., 2019; Tseng et al., 2017; Wright et al., 2019; Wu et al., 2017), one was a mixedmethods study (Carroll et al., 2015), and two were qualitative studies (Brown et al., 2018; Rivers
et al., 2020).
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Literature Synthesis
This literature review focused on the information known about prediabetes in relation to
individuals of low socioeconomic status.
Social Determinants of Health:
Food Insecurity
A variety of social determinants of health might play roles in the disparity of prediabetes
among low socioeconomic populations. In the U.S. adult population, food insecurity is positively
correlated with prediabetes (Wright et al., 2019). Food insecurity and prediabetes are prevalent in
U.S. adults with low socioeconomic status. Most of what was known about the correlation
between prediabetes and food insecurity came from retrospective studies and analysis of data
from a National Health and Nutrition Examination Survey (NHANES) from the National Center
for Health Statistics (Lee et al., 2018; Montgomery et al., 2017; Murillo et al., 2017; Wright et
al., 2019). While the data showed statistically significant correlations, conclusions about the
causal relationship between food insecurity and prediabetes could not be drawn from this
research. However, this knowledge had clinical implications related to screening and managing
individuals with prediabetes for social determinants of health. Young adults aged 20-39 with
very low food security were nearly twice as likely to have prediabetes than their food-secure
peers (Wright et al., 2019). Because guidelines recommended the initiation of screening for
prediabetes at age 35, young adults with food insecurity represented a low-income population
that might benefit from early screening. Because research demonstrated the association of food
insecurity with prediabetes in adults, healthcare providers should consider targeted screening and
intervention to prevent the development of T2DM in this group (Lee et al., 2018). Just as food
insecurity could be used to trigger screening for prediabetes, the risk of food insecurity should
also be assessed for patients with prediabetes (ADA, 2022). Treating food insecurity by
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integrating local resources such as community food banks and assistance with applications for
food assistance like the Supplemental Nutrition Assistance Program should be considered for
prediabetic patients, especially those with low socioeconomic status (ADA, 2022).
Mental Health
Because prediabetes and T2DM require lifelong commitments to lifestyle changes and
self-management, mental health is extremely important to consider, especially among lowincome populations where other social determinants of health might also be impacting mental
wellness. Mild forms of depression have not been shown to be associated with prediabetes in a
statistically significant way (Albertorio-Diaz et al., 2017). However, food insecurity among
prediabetic individuals was associated with elevated symptoms of depression (Montgomery et
al., 2017). This reinforced the importance of screening patients with low socioeconomic status
who are at risk for T2DM for food insecurity and for depression. This research emphasized the
importance of healthcare providers’ understanding of the complexity of the impact of social
determinants of health on this patient population.
Risk Perception
Of the 96 million American adults with prediabetes, over 80% do not know their
prediabetic status (CDC, 2022). Proponents of screening for prediabetes advocate that risk
assessment and testing are necessary to increase awareness regarding prediabetes status. Because
without awareness, patients cannot be offered the necessary interventions to delay or prevent
T2DM in the future. There is limited understanding of the impact of prediabetes awareness on
risk perception and it is not clear that increased awareness would increase adherence to healthpromoting behaviors. For example, in a study of a low-income, primarily Hispanic population,
diagnosis of prediabetes was associated with a heightened understanding of diabetes risk but did
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not correlate with the adoption of lifestyle changes that would prevent or delay T2DM onset
(Strodel et al., 2019). Even though a diagnosis of prediabetes alone may not be not enough to
instill behavior changes, diagnosis is necessary because without it, healthcare providers are
unable to offer effective treatment or interventions. Especially among low-income populations
who are affected by social determinants of health, healthcare providers must utilize prediabetes
diagnosis to target patients with the appropriate education regarding lifestyle modifications and
potential treatments such as pharmacologic therapy or referral to an appropriate intensive
lifestyle behavior change program.
Pharmacologic Treatment for
Prediabetes
Although several medications (metformin, a-glucosidase inhibitors, liraglutide,
thiazolidinediones, orlistat, and phentermine-topiramate) have been studied as potential
treatments for prediabetes, the FDA has not approved any pharmacological treatments for
prediabetes or for diabetes prevention (ADA, 2022). Of the medications studied, metformin has
the strongest evidence and the greatest long-term safety profile (ADA, 2022; Diabetes
Prevention Program Research Group, 2019). In the Diabetes Prevention Program Outcome
Study, a 15-year follow-up comparison of lifestyle interventions and metformin for diabetes
prevention, subgroups were identified that benefited the most from metformin treatment: higher
BMI (≥ 35), higher fasting glucose (≥ 110 mg/dL), higher HbA1C (≥ 6.0%), and history of
gestational diabetes mellitus (Diabetes Prevention Program Research Group, 2019). While
intensive lifestyle changes remained a focus for preventing or delaying progression from
prediabetes to diabetes, the ADA (2022) recommended that metformin be considered for patients
with prediabetes and the previously mentioned additional risk factors. Metformin might be a
cost-effective treatment option that is underutilized. Metformin prescription prevalence among
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Medicaid-insured adults with prediabetes was low, less than 8% (Wu et al., 2017), and this was
consistent with national trends. The use of metformin as a pharmacologic treatment for adults in
the United States with prediabetes was uncommon. Less than 1% of adults with prediabetes in
the United States reported using metformin (Tseng et al., 2017). Underutilization might be
because the ADA recommendations for metformin treatment have evolved over the years and
because metformin has not been approved by the FDA as yet (ADA, 2022). However,
prediabetic patients with low socioeconomic status face a number of social and environmental
factors that limit their ability to maintain behavior changes or participate in intensive lifestyle
modifications as described in this chapter. It is possible that a safety profile and long-term costefficacy might increase the appropriate use of metformin in patients with low socioeconomic
status.
Diabetes Prevention Programs
According to the ADA (2022), enrollment in an intensive lifestyle modification program
or diabetes prevention program is the focus of treatment for patients with prediabetes. However,
current evidence has not established the feasibility or efficacy of lifestyle interventions on T2DM
prevention in the low-income population specifically (Desai et al., 2020; Hays et al., 2016;
Kramer et al., 2018; Mayer et al., 2019; Van Name et al., 2016). In low-income communities,
conventional diabetes prevention programs might not be an available intervention for patients
with prediabetes. A focus of recent research was on the efficacy of diabetes prevention program
curricula that were modified or adapted to be implemented in low-income communities with
available resources and from a culturally competent lens. The results of this research were mixed
and displayed a wide variety of implications. However, most of the modified diabetes prevention
program s reviewed for this project were shown to induce weight loss in participants, although
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often not to the 7% bodyweight reduction goal required for health insurance reimbursement of
the program (Kramer et al., 2018; Mayer et al., 2019; Van Name et al., 2016). In some cases, the
modified diabetes prevention program did not demonstrate improvements in patient weight,
suggesting simple brief counseling interventions might be as effective for low socioeconomic
populations as intensive diabetes prevention programs or similar programs designed to increase
adherence to lifestyle changes, e.g., physical activity levels in patients with prediabetes (Hays et
al., 2016).
Many modifications to the diabetes prevention program curricula for low-income
populations were designed to help patients overcome socioeconomic challenges to get the most
out of this intervention. Low-income patients were generally eager to participate in education
regarding their health (Rivers et al., 2020). Financial incentives could be offered to participants
as a means of reducing diabetes prevention program attrition in low-income communities (Desai
et al., 2020). When healthcare providers and diabetes prevention program curricula
accommodated cultural considerations related to food and exercise, patient satisfaction increased
(Brown et al., 2018). When programs were culturally informed, participants demonstrated a
reduced risk of T2DM development, increased confidence in their ability to read food labels,
reduced sedentary time, and weight loss (Mayer et al., 2019; Van Name et al., 2016).
In addition, the use of novel formats is another option for making the diabetes prevention
program available to patients with low socioeconomic status. For example, a diabetes prevention
program curriculum that is modified to include both people with prediabetes and T2DM allows
healthcare providers to educate patients more effectively because the whole family can join the
classes together even though family members might not be at the same stage of disease
(Joachim-Célestin et al., 2021). Innovative solutions such as brief counseling or group
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interventions that are culturally appropriate might create a pathway to health equity in
prediabetes care in low socioeconomic communities. Another novel format low-income
populations have proven to be amenable to is the use of technological or digital health
interventions (Kim et al., 2018). Modifications like these are important for increasing access to
educational interventions.
For intensive diabetes prevention education programs to be tailored to populations with
low socioeconomic status, healthcare providers must consider factors related to feasibility.
Programs lacking feasibility impede access to interventions, which could be a contributing factor
to ongoing health disparities. For example, the lack of screening and diagnosis could present
challenges to program feasibility. The availability of onsite testing to diagnose prediabetes offers
a means of identifying patients who are eligible for a diabetes prevention program (Carroll et al.,
2015). This reinforces the importance of screening, a key element of the clinical algorithm that
was created as part of this DNP scholarly project. Additionally, focus groups have been used to
study barriers to diabetes prevention program implementation in low socioeconomic status
communities (Brown et al., 2018; Rivers et al., 2020). In many cases, people with low
socioeconomic status face significant life stressors that could interfere with a participant’s ability
to enroll or complete a diabetes prevention program (Carroll et al., 2015). The ADA (2022)
recommended that individual circumstances be considered when treating prediabetes. Especially
in low-income communities, healthcare providers must consider both the facilitators and the
barriers unique to their individual patients to provide the best possible care and increase access to
prediabetes treatment.
A significant limitation to the implementation of diabetes prevention programs in lowincome populations was the expense of offering the program to the community by a hospital,
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clinic, or health center. Statistical analysis of the impact of a diabetes prevention program on a
low-income, minority population showed the cost savings per participant were unsustainable in
the current health care payment model (Ritchie & Gritz, 2018). Further research into new
payment models should be conducted to understand how diabetes prevention program s could be
cost-effective in organizations that serve low-income populations. This cost barrier exacerbates
health disparities by limiting access to care and the availability of interventions that promote
health and prevent chronic disease.
Summary of the Literature
Prediabetes in low socioeconomic populations is a complex condition that is the result of
the interaction of social determinants of health. Because prediabetes disproportionately affects
low socioeconomic communities, outreach efforts and T2DM prevention interventions should be
targeted and tailored accordingly to promote health equity in prediabetes treatment. Evidence
suggested that providing care through innovative and culturally appropriate programs such as
brief educational interventions or modified diabetes prevention programs could be an effective
means of preventing T2DM in low socioeconomic populations (Hays et al., 2016; Mayer et al.,
2019; Van Name et al., 2016). The literature suggested the high levels of prediabetes prevalence,
especially among communities impacted by health disparities, call for population-level
prevention efforts. Community health organizations and advanced practice healthcare providers
in primary care settings would benefit from an algorithm for prediabetes screening and
management as a cost-effective and evidence-based means of providing equitable care for
prediabetic patients with low socioeconomic status.
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Theoretical Framework
The Stetler (2001) model was utilized for this DNP scholarly project. The five steps of
the model guided the development of the algorithm to effectively translate evidence into clinical
practice.
Background and Brief Description of
the Stetler Model
The Stetler (2001) model was developed by two nurse scientists from the University of
Massachusetts, Cheryl Stetler and Gwen Marram, and it has been revised several times based on
user feedback related to its application (Rycroft-Malone & Bucknall, 2010). The 1994 version of
the Stetler model focused on the application of research in practice at the individual level
(Rycroft-Malone & Bucknall, 2010). In 2001, the Stetler model was updated for the
implementation of evidence-based practice at the organizational level rather than at the level of
the individual practitioner (Rycroft-Malone & Bucknall, 2010). The use of the Stetler model has
been documented in the academic literature through various case reports of evidence-based
practice changes implemented in hospital settings.
The target audience or end-user of the Stetler (2001) model is an advanced practice nurse
at the organizational or institutional level who uses that model for knowledge translation to
practice (Rycroft-Malone & Bucknall, 2010). Based on the most recent revisions, the Stetler
model consists of five phases. The first phase, preparation, focuses on the clarification of the
clinical problem and potential outcomes of the practice change. An important part of the first
phase, preparation, is to search for current research and other supplemental evidence related to
the clinical problem. The second phase, validation, is the critical appraisal of the selected
evidence with a critique of the research quality and a summary of the findings. The third phase,
evaluation and decision making, is the synthesis of the evidence, which includes making choices
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regarding whether or not to use the knowledge in the clinical setting. The fourth phase,
translation, involves the operationalization of the evidence into specific uses related to the
identified problem. The final phase, evaluation, is a comprehensive process of analysis of the
outcomes of the change and progress toward goals (Stetler, 2001).
The Stetler (2001) model presents an approach to critical thinking and guidance for
implementing evidence-based practice at an individual or organizational level based on the use
of research.
Rationale for Use in This Scholarly
Project
The Stetler (2001) model was a good fit for this DNP scholarly project because the focus
of the project was the development of a clinical algorithm for advanced practice healthcare
providers that translated current evidence into guidance for patient care, specifically screening
and managing prediabetes among low-income communities.
Application of the Model
What follows is an explanation of how the Stetler (2001) model was utilized as the
theoretical foundation for the development of a nurse-driven protocol. Preparation (Phase 1)
included the following activities: definition of the problem of prediabetes, clarification of the
problem, consideration of the stakeholders, and definition of potential outcomes and goals. The
primary investigator informally networked with stakeholders at Vail Health and Mountain
Family Health Centers regarding the creation of this algorithm and validation using a panel of
expert clinicians from the organizations. A thorough literature review (Phase 1) was conducted to
select research and evidence that was utilized for the development of the protocol. The selected
articles were critiqued and synthesized, with careful attention to their level and quality of the
evidence (Phase 2; see the Table of Evidence in Appendix C). Decisions about how to use the
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knowledge were made based on the validation of the selected evidence and other factors such as
the fitness of the protocol for implementation in the setting and consideration of the current
clinical practice (Phase 3). Based on the evidence gathered in the first three phases, the algorithm
for prediabetes screening was generated (Phase 4). Validation of the protocol (Phase 5) was
conducted using feedback from a panel of experts. Some of the participants were potential endusers of the algorithm, which might increase adoption and testing during the proposed pilot
study. The five steps of this theoretical model guided the DNP project through a logical method
of critical thinking and decision-making that facilitated the effective translation of current
evidence into a clinical algorithm that would be validated for use.
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CHAPTER III
METHODOLOGY
This chapter describes the methods used for the DNP scholarly project. The overall
project design is discussed including the setting, sample, mission, vision, objectives, project plan,
instrumentation, data analysis, project duration, and ethical considerations.
Design
The project was non-experimental, predominantly quantitative, and focused on quality
improvement in the clinical setting. It included the development of an evidence-based clinical
algorithm for prediabetes screening in rural populations with low socioeconomic status. The
algorithm was validated by a panel of advanced practice healthcare providers with clinical
expertise in the topic area who reviewed it and provided feedback regarding its content and
feasibility. The instrument used for the evaluation was an investigator-created validation survey
using dichotomous responses and brief free-text responses. Quantitative analysis of the yes/no
survey responses and qualitative analysis of the short answer responses was used to generate the
final version of the algorithm.
Setting
The setting of this DNP scholarly project was online using an electronic survey (see
Appendix D). The algorithm was developed for use in the Community Health Program at Vail
Health, a small hospital in Eagle County, Colorado, a rural community along a major interstate
highway. Because the algorithm was developed for use in a unique rural community, the expert
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panel recruited to participate were healthcare providers who practiced in Eagle County or similar
rural areas.
Sample
The participants for the expert panel were recruited as a convenience sample of advanced
practice healthcare providers who treat patients with low socioeconomic status at risk for
prediabetes in rural communities. Eight participants were recruited via email using the
professional network of the primary investigator. The snowball technique was used to recruit
additional participants outside of the primary investigator's professional network.
Inclusion criteria were as follows:
•

Advanced practice healthcare provider (medical doctor, nurse practitioner, or
physician assistant);

•

Experience caring for patients with low socioeconomic status;

•

Experience caring for adults at risk for developing prediabetes;

•

Experience providing health care in rural communities;

•

Minimum of two years of relevant experience in clinical practice in their current
role;

•

Able to fluently read, write, and comprehend English.

Exclusion criteria were as follows:
•

Non-advanced practice healthcare provider (such as registered nurse);

•

Lacking experience with low socioeconomic populations;

•

Lacking experience with prediabetic adults;

•

Lacking experience practicing in rural communities;
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•

Less than two years of professional experience in their current role;

•

Lacking fluency in English.
Project Mission and Vision

The mission of this DNP scholarly project was to improve the delivery of health care
provided to prediabetic patients with low socioeconomic status in rural communities to prevent
or delay the onset of diabetes in this at-risk population. The vision was to create an evidencebased and expert-informed algorithm for advanced practice healthcare providers regarding
screening and management of prediabetes in adults with low socioeconomic status in rural
communities.
Objectives
The objectives of this DNP scholarly project and the specific steps required for
implementation were as follows:
1.

Review the literature to determine the best practices for screening and
management of prediabetes in adults with low socioeconomic status.
•

Search the following databases for current information: Cumulative Index
to Nursing and Allied Health Literature (CINAHL) Plus with Full Text,
PsychInfo, and Cochrane Database of Systematic Reviews.

2.

Utilize the literature review to develop an evidence-based algorithm for screening
and management of prediabetes in adults with low socioeconomic status that
could be implemented by advanced practice healthcare providers in rural areas.
•

Synthesize the literature and identify best practices.

•

Develop the draft of the prediabetes screening and management algorithm.
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3.

Collect and analyze feedback from an assembled panel of clinical experts
regarding the content and feasibility of the algorithm.
•

Recruit healthcare providers to participate in the project as members of the
expert panel to review the proposed algorithm (see Appendix A).

•

Develop and administer online surveys using Qualtrics survey software
(see Appendix D).

•

Collect feedback regarding the content and feasibility of the draft
algorithm.

•

Implement the suggestions from the participants to revise the algorithm
under the supervision of the project advisor/chair.
Project Plan

The plan for this DNP scholarly project was as follows:
•

Using a critical review of current literature, create a draft algorithm for screening
and management of prediabetes in low socioeconomic populations in rural
communities (see Appendix A for the draft algorithm).

•

Develop a survey using Qualtrics survey software with “yes/no” questions with
the opportunity to explain “no” responses with short free-text responses (see
Appendix D for algorithm validation survey).

•

Obtain written support from the project site to recruit advanced practice providers
from the staff to participate in the project.

•

Obtain project approval from the Institutional Review Board (IRB) at the
University of Northern Colorado (see Appendix E).

33
•

Recruit healthcare providers to participate who met the inclusion criteria (see
Appendix F for recruitment letter).

•

Analyze the survey responses and revise the final draft of the algorithm.

•

Finalize the algorithm.

•

Complete a write-up of the project focused on the requirements of the DNP
scholarly project.

•

Disseminate the results to the DNP Scholarly Project Research Committee at the
final oral defense.
Instrumentation

This DNP scholarly project utilized a validation survey that consisted of dichotomous
response options (yes/no) and optional free-text responses to validate the algorithm for clinical
practice (see Appendix D). Qualtrics survey software was utilized to collect the results.
Data Analysis
The primary goal of the data analysis process was to compile and analyze the survey
results from Qualtrics to inform the development of the algorithm. Basic statistics for the yes/no
results of the survey were captured using the displays and graphics in Qualtrics. Additionally, all
qualitative responses were exported from Qualtrics into an Excel spreadsheet for analysis by the
primary investigator under the supervision of the project chair. Suggestions from the participants
were implemented into the revisions of the algorithm and all revisions were tracked in an Excel
spreadsheet with the corresponding explanations and justifications for the changes.
Duration of the Project
This DNP scholarly project took six months to complete. The project proposal was
presented in oral defense in front of the DNP Scholarly Project Research Committee. After
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receiving approval from the committee, the project was submitted for review and approved by
the University of Northern Colorado’s IRB (see Appendix E). The panel of experts was recruited
using the sampling methods described above. The recruitment letter was sent to potential
participants via email with the draft algorithm attached in PDF form and a link to the online
surveys. The participants were given three weeks to complete the survey. Analysis of the results
and revisions to the algorithm took two weeks. The project was then written up and a pilot
study for the implementation of the finalized algorithm was proposed.
Ethical Considerations
Prior to the initiation of this DNP scholarly project, the project was approved by the IRB
at the University of Northern Colorado. Expert panelists were informed of the requirements for
participation in the project. Participation was voluntary and anonymous, and participants were
given permission to withdraw from the data collection process at any time without any penalty
(see Appendix D for consent to participate). No incentives were provided to encourage
participation in this project. Access to the data in Qualtrics was password protected and limited
to the primary investigator and project chair. Links for the surveys were deactivated after data
collection is complete. After data were exported from Qualtrics to Excel, the results were stored
securely on a password-protected device. These data were only accessible to the primary
investigator and the project chair and did not require patient information as medical records were
not accessed for this project.
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CHAPTER IV
RESULTS AND DATA ANALYSIS
The results of this DNP scholarly project are presented in this chapter. The purpose of
this DNP project was to create an evidence-based and expert-informed clinical algorithm for
screening and management of prediabetes in rural adults with low socioeconomic status. This
chapter reviews each of the objectives of the project and the data collected from the validation
survey administered to the project participants. The demographics of the participants who made
up the panel of clinical experts are described and an analysis of the survey responses is
presented. Finally, the original study question is examined in the context of the completed
project.
Results
This DNP scholarly project aimed to develop and validate a clinical algorithm that could
provide guidance for clinical decision-making to healthcare providers who screen for and
manage prediabetes in adults with low socioeconomic status in rural communities. Effective
screening and early identification of the prediabetic state are critical to the implementation of
interventions to prevent or delay the onset of T2DM. This was especially important in this at-risk
population that suffers from health disparities in both prediabetes and T2DM. The proposed
algorithm from this DNP project was intended to promote health equity by assisting healthcare
providers in providing proper screening opportunities and interventions.
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Objectives
1.

Review the literature to determine the best practices for screening and treatment
of prediabetes in adults with low socioeconomic status.
While carefully reviewing the literature, an algorithm specific to screening
and management of prediabetes in rural populations with low socioeconomic
status could not be identified. Healthcare providers are aware of the risks of
prediabetes and its high prevalence in the United States. Without proper
identification and intervention, those with prediabetes are at risk of developing
T2DM, a costly chronic illness that has an additional risk of developing other
comorbidities. The burden of prediabetes and diabetes was not equally distributed
over the adult population and the COVID-19 pandemic highlighted this by
shining light on the impact of health disparities and social determinants of health.
Existing clinical algorithms related to prediabetes do not take into consideration
the unique needs of rural populations with low socioeconomic status. This
emphasized the importance of this project.

2.

Utilize the literature review to develop an evidence-based algorithm for the
screening and management of prediabetes in adults with low socioeconomic status
that could be implemented in the outpatient clinical setting.
After the need for a clinical algorithm to guide prediabetes screening
practices was identified, current evidence was collected and synthesized into a
table of evidence (see Appendix C). Additionally, current guidelines as discussed
in Chapter I were considered in the development of the proposed algorithm (see
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Appendix A). After the draft algorithm was created using current knowledge and
guidelines, it was sent to participants for review.
This algorithm was designed to provide guidance for decision-making
processes for advanced practice healthcare providers in primary care settings
regarding the screening for prediabetes. The proposed algorithm consisted of two
distinct parts: (a) an algorithm specific to screening practices and (b) an algorithm
specific to the management of prediabetes. Primary care providers were perfectly
positioned to provide preventative care and for a patient with prediabetes,
prevention was key. Because identification of concerns was the first step in
anticipatory management of health concerns, it was important to emphasize the
need for the first part of the algorithm related to screening practices. Timely
screening provided the opportunity for intervention and this was why the second
part of the algorithm related to management and interventions for prediabetic
patients was included in this clinical tool.
3.

Collect and analyze feedback from an assembled panel of clinical experts
regarding the content and feasibility of the algorithm, making revisions until
group consensus was achieved.
A validation survey was distributed to potential participants via email (see
Appendix D for survey and Appendix F for recruitment letter). The criteria
utilized for inclusion and exclusion of participants were discussed in Chapter III.
Nine surveys were completed and one response was discarded for not meeting all
inclusion criteria as the participant reported not having experience working with
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patients who lived in rural communities. The survey results are provided in
Appendix G.
The first six questions of the survey collected demographic information
about the participants. Question 1 asked participants about their professional role
and Question 2 asked participants about their years of experience. The eight
surveys completed and utilized to validate the algorithm were completed by one
medical doctor, four physician assistants, and three nurse practitioners. Most
participants (n = 5) reported having five to nine years of experience. One
participant reported 10 years or more of experience, and 2 reported 2-4 years of
experience.
Survey questions 3, 4, and 5 screened participants to ensure all met the
inclusion criteria described in Chapter III. All participants reported they had the
following: experience working with patients with prediabetes, experience working
with patients who have low socioeconomic status (defined as low social standing
as measured by income, educational attainment, financial security, and/or
subjective perception of social class), and experience working with patients in
who live in rural communities (defined in Colorado as counties with no cities over
50,000 residents).
Participants were instructed to critically review a PDF file of the proposed
algorithm (see Appendix A) prior to completing the seven survey questions
regarding the content and feasibility of their algorithm. All eight participants
found the presentation of the algorithm to be clear, i.e., easy to read and
organized. One participant stated the algorithm was “easy to follow… if you take
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it one step at a time.” Seven (87.5%) participants reported they found the
algorithm to be valid, i.e., evidence-based and consistent with their medical
knowledge and training. A single participant answered no to this question but
stated that “mostly it's perfect” with the exception of the guidance to repeat
screenings at three-year intervals if the results were normal. The participant
acknowledged this practice was consistent with current guidelines “for the general
population and for people with no or limited risk factors” but recommended that
the algorithm acknowledge the potential need for more frequent screening for
patients with normal prior results due to higher risk and additional risk factors.
The participant suggested the algorithm guide providers to screen patients with
normal results at "3-year intervals, with consideration of more frequent testing
depending on initial results and risk status." Overall, the participants found the
algorithm was both accessible and consistent with current evidence. Another
participant noted the algorithm was “very user friendly, all needed information is
available.” Acknowledging the importance of that ease of use was key, especially
considering the time constraints of most primary care offices.
All eight participants agreed that both parts of the algorithm, the piece
specific to screening for prediabetes and the section specific to the management of
prediabetes, would contribute to clinical decision-making regarding patient care.
One participant remarked about the similarities between screening for prediabetes
and screening for T2DM, wondering if there was “any indication to break out
screening for prediabetes in particular.”
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All eight participants agreed the algorithm would contribute to the
efficiency and accuracy of patient care for those at risk for prediabetes in their
clinical practices. No free text responses were submitted related to this question.
Seven (87.5%) participants reported the algorithm could be used in their current
practice setting and one participant responded negatively: “only because [they]
have changed specialties and no longer treat DM.” The following suggestion for
implementation was submitted regarding the separation of the screening and
management algorithms into distinct documents because “the second page around
management is very useful and could be quickly implemented in our practice and
improve [patient] care” while “the initial part [regarding screening] could
potentially be implemented as just a combo reasons to screen for
diabetes/prediabetes (as there is not much difference as far as I am aware)”.
Overall, the participants responded positively to the algorithm, stating, “I
love this project and I think it's a really, really helpful summary of the evidence
that will be especially helpful for new grads or those who don't see this high-risk
[population] as frequently” and “excellent work on the project developing a
clinically useful tool.”
4.

Develop a pilot study in which the algorithm is implemented by healthcare
providers to screen and treat prediabetes in adults with low socioeconomic status
in the outpatient clinical setting.
This DNP scholarly project was conducted online to validate a clinical
algorithm for prediabetes screening and management in rural adult populations
with low socioeconomic status. In the future, a pilot test of the finalized algorithm
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will be conducted to determine if the advanced practice healthcare providers who
used the algorithm in practice found it helpful for decision-making regarding
screening for hyperglycemic conditions and managing prediabetes in a
community health program administered by a rural hospital that provides free
screenings to patients with low socioeconomic status. This proposed pilot is
discussed further in Chapter V.
Analysis of Study Question
This DNP scholarly project addressed the following study question:
Q1

How can current evidence and feedback from a panel of expert clinicians be
integrated to develop an algorithm to guide the screening and treatment of
prediabetes in adults with low socioeconomic status in rural communities?

A thorough review of current literature and consideration of relevant guidelines were
utilized to generate a proposed algorithm. The algorithm was validated with a survey of
participants who were all advanced practice healthcare providers with clinical expertise in the
subject and the target populations; most found the content of the algorithm to be valid and
believed the proposed algorithm would be a useful tool that improved patient care. Data from the
survey were collected and analyzed to finalize the algorithm for clinical use, and a potential pilot
study for future use was suggested.
Summary
The above chapter detailed the results of this DNP scholarly project in the context of this
project’s objectives. Eight participants served as a panel of experts to provide feedback on the
clinical algorithm developed using the literature review. Minor feedback was given related to the
content of the algorithm but, overall, the panel provided consensus on the algorithm’s
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accessibility and potential to improve the efficacy of patient care, reporting it could be
implemented to improve patient care.
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CHAPTER V
DISCUSSION
A summary of this DNP scholarly project is provided in this chapter. The conclusions
and limitations of the project are discussed. A pilot study for the implementation of the clinical
algorithm is proposed and the chapter concludes with a reflection of how the project met each of
the American Association of Colleges of Nursing (2006) DNP Essentials of Doctoral Education
for Advanced Nursing Practice.
Summary of the Project
This DNP scholarly project targeted the problem of a high prevalence of prediabetes and
its disproportionate burden on both adults with low socioeconomic status and those living in
rural communities. An extensive review of the literature was utilized to develop an evidencebased clinical algorithm for prediabetes screening and management in adults with low
socioeconomic status in rural communities. That algorithm was validated utilizing an online
survey of advanced practice healthcare providers with expertise in the topic area. Data from the
survey were collected and analyzed to finalize the algorithm, and a pilot study for the
implementation of this evidence-based and expert-informed clinical algorithm was proposed.
Conclusion
The intention of this DNP scholarly project was to create an evidence-based algorithm to
guide clinical practice that would improve the diagnosis and management of prediabetes in
adults with low socioeconomic status in rural communities. Primary care providers are uniquely
positioned to properly screen for prediabetes in patients, provide counseling and education
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regarding preventative interventions that optimize the health of prediabetic patients, and provide
targeted interventions that might prevent or delay the onset of T2DM. Validation of the
algorithm was completed using a survey of advanced practice healthcare providers who
determined the survey to be suitable for clinical use. Implementation of a clinical algorithm has
the potential to amplify screening practices in a manner consistent with current guidelines and
evidence. Enhanced screening practices could improve patient care by increasing awareness of
prediabetes among the population because proper diagnosis and identification of hyperglycemia
are critical for the implementation of targeted interventions.
Limitations
This DNP scholarly project had several limitations. The first was the sample size of
participants was small. While the sample was made up of a diverse group of advanced practice
healthcare providers (physicians, physician assistants, and nurse practitioners), all of whom had
more than two years of experience in their role and expertise in prediabetes, it might be
advantageous to collect responses from a larger sample size. Additionally, the sample was
recruited as a convenience sample using the professional network of the primary investigator.
Because we work in a rural community, it is possible the participants had a professional
relationship with the researcher and that might have influenced their responses in the survey.
Attempts to mitigate this were made clear in the instructions for participation, indicating that
completing the survey was voluntary, and recruitment efforts were completed via email twice, an
initial invitation with a single reminder email, rather than through personal conversation. One
challenge in recruitment was the participants’ face time constrictions as healthcare providers
working in primary care. In a busy clinic, all healthcare providers who wanted to contribute
might not have had the free time to participate in the survey. While the completion of the survey
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was only expected to take 15 minutes, it was plausible that potential participants were unable to
or chose not to participate due to the heavy burden of work they face in the clinic daily.
Additional time might have aided the student researcher in recruiting a larger sample size using
the snowball technique.
Recommendations for Future Research
Future research relating to this DNP project would be a study of its implementation in
clinical practice. After the validation of the algorithm, which was the focus of this project, the
algorithm could be piloted in the project setting, a rural community health program administered
by the local hospital. This proposed setting is a program that provides free medical screenings to
adults with low socioeconomic status. This study would be submitted to the Institutional Review
Board of the hospital for permission prior to its implementation. Healthcare providers working in
the community health program would be recruited for voluntary participation in the pilot study
and instructed to use the algorithms in clinical practice as appropriate and aligned with their
patient care. Because providing screening for hyperglycemia and testing for prediabetes and
diabetes is a significant initiative of the community health program, it is predicted that healthcare
providers would be able to apply the algorithm to their clinical practice daily. Following a
predetermined duration of implementation, the providers would be administered a survey similar
to the one utilized in this DNP project with dichotomous yes/no responses and space for optional
free text comments. The survey would focus on the utility of the algorithms in practice and the
responses and comments could be used to further revise the algorithm for use following the pilot
study. Additionally, a focus group could be considered as an additional way to synthesize the
experience of the participants with the algorithm and would allow the group to reach a consensus
regarding its usefulness and any changes prior to future use.
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Reflection
Successful execution of a DNP project requires that the project meet five criteria from the
American Association of Colleges of Nursing’s (2006) Essentials of Doctoral Education for
Advanced Nursing Practice. These five criteria are summarized by the acronym EC as PIE and
are used to demonstrate the development of skills and knowledge that is distinct from bachelor’s
and master’s level proficiencies (Waldrop et al., 2014). This ensured the DNP project met a level
of academic rigor and clinical scholarship that demonstrated the competency of a practice
doctorate.
•

E = Enhance health outcomes, practice outcomes, or health care policy (Waldrop
et al., 2014). The prediabetes screening and management algorithms validated by
this DNP scholarly project are intended for use with the goal of improving
outcomes for prediabetic patients with low socioeconomic status in rural
communities. Timely screening practices guided by current recommendations and
evidence have the potential to bring awareness to both the patient and healthcare
provider of this often undiagnosed risk factor for the development of diabetes.
This could improve patient outcomes by providing opportunities to implement
evidence-based interventions that could prevent or delay the onset of T2DM in
this at-risk patient population.

•

C = Reflect a culmination of practice inquiry (Waldrop et al., 2014). A thorough
examination of the problem of prediabetes in adults with low socioeconomic
status in rural communities first sparked the idea for this project because it
identified a need in the clinical setting. This was followed by a synthesis of
current evidence and guidelines that were used to generate the algorithms as
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practical tools to simplify clinical decision-making processes. Finally, a
theoretical model related to the translation of knowledge into clinical practice was
utilized, demonstrating a complete understanding of research inquiry, critical
analysis of evidence, and application to the clinical setting.
•

P = Require engagement in partnerships (Waldrop et al., 2014). Recruitment of
participants for this project required that the researcher reach out to a
multidisciplinary group of advanced practice healthcare providers, utilizing both
existing professional networks and the snowball method to recruit a panel of
clinical experts to participate. In addition, the leadership of the proposed clinical
setting was contacted for input regarding the project and provided support to the
researcher for the work of the project.

•

I = Implement evidence into practice (Waldrop et al., 2014). Utilizing the Stetler
model (2001), this DNP project was focused on the translation of current
knowledge to the problem identified by the researcher. An extensive and critical
review of the literature was completed, and the algorithms created were the result
of literature synthesis. Each step from the consideration of the clinical problem to
the validation of the clinical algorithm demonstrated the student researcher’s
competency in the translation of evidence into practice.

•

E = Require evaluation of health care, practice, or policy outcomes (Waldrop et
al., 2014). In considering the problem of prediabetes prevalence and health
disparities, the student researcher demonstrated the ability to evaluate current
healthcare practice. The proposal of a pilot study for the implementation of the
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validated algorithm demonstrated an understanding of the importance of
outcomes evaluation related to practice changes.
Summary
Type 2 diabetes mellitus (T2DM) presents significant challenges to individual patients
and high costs to the healthcare system. Identification of the prediabetic state presents an
opportunity for healthcare providers and patients to work together to implement interventions
that could delay or prevent the onset of T2DM. This is especially critical in rural populations
with low socioeconomic status where social determinants of health create disparities in T2DM
diagnosis and outcomes.
This DNP scholarly project utilized an extensive and critical review of current evidence
and guidelines to develop an algorithm for hyperglycemia screening and prediabetes
management that was validated by a panel of clinical experts with experience working with
prediabetic patients and in rural and low socioeconomic status communities. The algorithms are
intended to guide clinical decision-making for primary care providers in order to identify and
manage prediabetes efficiently and effectively. This offers patients an opportunity to optimize
their health and prevent or delay the onset of T2DM. Future recommendations for research
include a pilot study regarding the implementation of the algorithms in practice, the opportunity
for end users to come to finalize the algorithms for use, and reach a consensus about how to best
implement them in their practice setting.
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Table C.1
Table of Evidence
Author/
Year

Purpose

AlbertorioDiaz et al.
(2017)

To examine the
association
between
depression and
mild forms of
depression
among adults
with diabetes.

Brown et
al. (2018)

Identify barriers
to lifestyle
changes and
recommendatio
ns for diabetes
prevention
among adults in
an
impoverished,
rural
community on
the TexasMexico border.

Theory/
Framework
/Model
None reported

None reported

Design

Sample &
Setting

Survey/ Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Retrospective,
statistical analysis
of data from 20072012 NHANES
survey data

N = 7717

National Health and
Nutrition
Examination Survey
(2007-2012)

Milder forms of
depression are not
associated with
prediabetes or
undiagnosed diabetes in
a statistically significant
way compared to not
having diabetes.

Adults with prediabetes
may not benefit from
screening and early
management of
depression compared to
those with diabetes.

Level IV

Cultural considerations
related to food and
exercise were identified.
Barriers to lifestyle
changes were identified,
and recommendations
for interventions were
made.

Several recommendations
for a diabetes prevention
program were offered by
the focus group.

Level VI

Three 2-hour long
focus groups were
conducted.
Interviews were
transcribed and
coded for
qualitative analysis.

The National
Health and
Nutrition
Examination
Survey is a
cross-sectional
health survey
that measures the
health of the
noninstitutionali
zed, adult
population of the
US.
N = 27
Adults with
T2DM or
prediabetes
(70.4%).
Participants were
mostly female
and born outside
of the US.

PHQ9 used to assess
depression.

Cohort study,
descriptive
statistics

Fasting blood glucose
and HbA1c used to
assess diabetes.

Structured interview
questions with
specific probes were
used, with no more
than 12-15 questions
discussed. A bilingual
moderator was used
to facilitate the
interview.

Qualitative
Study (focus
groups)
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Author/
Year

Purpose

Carroll et
al. (2015)

Examine the
feasibility of
recruitment and
the
implementation
of DPP
interventions
for low-income,
prediabetic
adults in the
primary care
setting.

Desai et al.
(2020)

Consider the
role of utilizing
financial
incentives to
increase
participation
and physical
benefits (weight
loss) among
low-income
patients in
Diabetes
Prevention
Programs

Theory/
Framework
/Model
Consolidated
Framework
for
Implementatio
n Research
(CFIR)

None reported

Design

Sample &
Setting

Survey/ Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Quantitative data
was kept related to
the number of
eligible participants
and the reasons for
ineligibility,
barriers to
enrollment, and
causes of
nonparticipation.
Qualitative data
from participant
post-study
satisfaction surveys
were used to
identify themes
related to
recruitment and
enrollment

N = 58

Researcher generated
post-study patient
satisfaction survey

Availability of onsite
HbA1c testing can
facilitate enrollment
through diagnosis.

Identifying patients who
are potentially eligible
for DPP programs is
challenged by limited
screening for diagnosis or
access to lab results.

Level

Three-am,
pragmatic cluster
RCT.

N= 847

Participants were
enrolled and
randomized into 1
of 3 intervention
groups (no control
group). The groups
were DPP without
incentives, DPP
with individual
incentives, and
DPP with group
incentives. Data
was collected at
baseline and at 12
months

Adults enrolled
in a 2-group
study comparing
the efficacy of a
DPP and a
community
developed
program Healthy
Living Program
(HLP).

Adults aged 1874 with BMI of
25 or greater and
diagnosis of
prediabetes.
Medicaid
beneficiaries in
Minnesota.
Culturally
diverse, lowincome
population.

Significant life stressors
often interfere with
participant enrollment.
Both participants and
site staff expressed high
levels of satisfaction.

Weight, attendance,
weekly food and
physical activity logs
collected by lifestyle
coaches.

Financial incentives
have a substantial
positive effect on DPP
participation in lowincome populations.

Fasting blood sugar
and HBA1C used to
diagnose prediabetes.

All three interventions
result in weight loss
(2.6-3.4% over 16
weeks) without a
statistically significant
difference.
Participants who were
able to achieve 5%
weight loss was 15.224.0% among the
groups

Mixed methods
process
evaluation

Participants express
satisfaction with DPP
interventions, but
participation may be
limited by life stressors
or unstable life
circumstances.

Financial incentives
reduce attrition rates for
DPPs facilitated in lowincome communities.
However, they do not
appear to influence
adherence to lifestyle
changes that promote
weight loss in patients
with prediabetes. Further
research is needed to
determine if motivation is
intrinsic.

Level II
Randomized
controlled trial
(3-arm)
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Author/
Year

Purpose

Hays et al.
(2016)

Compare the
influence of a
DPP versus
brief counseling
on physical
activity levels
in low
socioeconomic
status
communities

JoachimCélestin et
al. (2021)

Explore the
efficacy for
lifestyle
changes of a
joint program
for both prediabetes and
diabetes in lowincome
Hispanic
population

Theory/
Framework
/Model
None reported

None reported

Design

Sample &
Setting

Survey/ Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Patients recruited at
urban primary care
clinics were
randomized to brief
counselling or
modified DPP.
Physical activity,
metabolic
variables, and
surveys were
conducted over 24
months.

N= 216

An accelerometer was
used to monitor
physical activity.

The YDPP (a modified
DPP formatted for atrisk populations) did not
increase physical
activity in the
population studied, in
comparison to brief
counselling.

There is a need for
further research about the
effect of DPP programs
on physical activity
outcomes, especially
because low
socioeconomic status
individuals face many
barriers to PA.

Level II

Mixed methods
study following the
facilitation of a 12
weeklong
community health
worker led lifestyle
education program
for prediabetes and
diabetes.
Participants were
recruited through
convenience
sampling and
promotion using
flyers.
Group Lifestyle
Balance DPP was
adapted for this
study.

Prediabetic
adults living in
an urban area
with BMI >24
who had no
contraindications
to increased
physical activity
levels

Pilot Study

Height, weight, blood
pressure, HBA1C,
and cholesterol levels
measured by a
research assistant.
Previously developed
instruments (partial or
whole) utilized to
assess self-efficacy,
social support, risk
perception, perceived
health status,
readiness to change,
and self- reported
activity levels.

Weight and HBA1C
were measured.

N = 33
Low-income
adults, mostly
Spanish
speaking, of the
participants 18
had preDM and
15 were
diagnosed with
DM.

Diabetes knowledge
was measured with a
survey (created by the
researchers).

Randomized
controlled trial
(2-arm)

Brief counselling may be
as effective as more
intensive interventions at
increasing physical
activity levels for patients
with prediabetes.
Increasing low intensity
activity levels in those
with sedentary lifestyles
may be more realistic
than achieving goals of
moderate-vigorous
physical activity.
The intervention
demonstrated improved
diabetes knowledge and
weight loss for the
participants, that was
enhanced by including
individuals with preDM
and with DM.
Themes from the
qualitative research
were that attending a
joint program was
feasible, support from
family and friends
improves success, and
several barriers were
identified.

An educational
intervention that includes
both those with preDM
and DM is a feasible
treatment for low-income
Hispanic communities.
A statistically significant
improvement in program
retention was noted
among participants who
were referred by a
physician compared to
community recruitment.

Level III
Quasiexperimental
research design
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Author/
Year

Purpose

Kim et al.
(2018)

Examine the
feasibility of a
technologybased diabetes
prevention
program in a
low-income
population in
Southern
California.

Theory/
Framework
/Model
None reported

Design

Sample &
Setting

Survey/ Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Non-randomized,
controlled trial with
historical matched
controls

N = 230

Fasting glucose and
HBA1C was used to
assess diabetes status.

Low-income patients
were successfully
recruited and enrolled
into a digital diabetes
prevention program.

Underserved populations
are willing and able to
enroll technology-based
health interventions.

Level III

Regardless of
socioeconomic status or
education level, the DPP
intervention resulted in
weight loss, increased
physical activity and
lower HbA1c in the
senior population
studied.

A DPP intervention
presented in a group
format may be effective
at reducing risk of
diabetes in a prediabetic
older adult population
regardless of
socioeconomic status.

Level II

Adults with
prediabetes who
are uninsured,
insured through
Medicaid, or
insured through
a subsidized
ACA plan

Blood pressure and
serum lipids were
checked.
Self-rated health was
assessed with a single
item measure.

Quasiexperimental
trial with
comparison to a
historical,
matched control
group

Health literacy was
assessed with a single
item question.
Kramer et
al. (2018)

Consider the
impact and
feasibility of a
DPP program
modified for
groups and
implemented in
senior
community
centers

None reported

Participants
recruited at senior
centers were
randomized to
immediate or
delayed
intervention for
diabetes risk
reduction through a
modified DPP.
Data was collected
at 6, 12, and 18
months.
Group Lifestyle
Balance DPP was
delivered via faceto-face groups or
DVD.

N=134
Adults with
prediabetes and
BMI >24, mean
age of
participants was
62.5
Participants were
recruited from
community sites
in different SES
neighborhoods.

Weight change at 6
months was the
primary outcome.
Fasting glucose and
HBA1C was used to
assess diabetes status
Modifiable Activity
Questionnaire and a
general Lifestyle
Questionnaire was
used to assess
physical activity level

Randomized
controlled trial
(delayed
intervention)
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Author/
Year

Purpose

Lee et al.
(2018)

Examine the
association
between food
insecurity and
prediabetes
among US
adults aged 2039 using
NHANES data.

Theory/
Framework
/Model
None reported

Design

Sample &
Setting

Survey/ Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Data from
NHANES was
extracted and
analyzed to observe
correlations
between food
insecurity and
prediabetes/T2DM.

N= 3,684

National Health and
Nutrition
Examination Survey
(2003-2014)

Food insecurity is
associated with higher
likelihood of
prediabetes and
diabetes.

Prior studies (Ding et al.,
2014) demonstrate the
association of food
insecurity with
prediabetes in adults
(ages 20-64) in the US.
This confirms that food
insecurity is associated
with prediabetes in young
adults (ages 20-39),
presenting a narrower
group that could be
targeted for intervention
to prevent the
development of T2DM.

Level IV

Adults aged 2039, not pregnant,
with complete
data regarding
food security and
metabolic labs

Household Food
Security Scale used to
measure food
insecurity
24-hour food recall
used to assess dietary
intake
HbA1c and fasting
plasma glucose

Lindberg et
al. (2018)

Explore the
prevalence of
hyperglycemia
in low-income,
overweight and
obese, Hispanic
women

None reported

Retrospective
analysis of charts
from participants
enrolled in a RCT
for weight loss.
Patients were
recruited from an
FQHC in Oregon.
Baseline data from
lab results and
diagnosis in the
HER were used to
determine the
prevalence of
undiagnosed
hyperglycemia in
the group.

N = 196
Overweight and
obese, Spanishspeaking,
Hispanic women
over the age of
18

HbA1c and fasting
plasma glucose used
to assess levels of
hyperglycemia.

Young adults with food
insecurity consume less
protein and more
carbohydrates than food
secure adults of the
same age.
Two-thirds of food
insecure participants
utilized SNAP, and
those who utilize SNAP
have consistent diet
patterns (more carbs,
less protein) as above.
Among the participants
without diagnosis, there
was a 63% prevalence
of undiagnosed
prediabetes.

Cohort study,
descriptive
statistics

Consider limitations- this
research does not offer
possible explanations for
these associations.
Substantial levels of
undiagnosed
hyperglycemia exists
among Hispanic women
with los socioeconomic
status.
Authors postulate the low
awareness of diabetes
risk is a barrier to
compliance with diabetes
and prediabetes screening
recommendations.

Level IV
Retrospective
data analysis
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Purpose

Mayer et al.
(2019)

To study the
effect of peerled group
diabetes
prevention
workshops on
T2DM
prevention in
prediabetic
adults from a
low-income,
urban,
minority
community

Montgomery
et al. (2017)

Explore the
relationship
between food
insecurity and
depression in
prediabetic
and diabetic
patients using
NHANES
data.

Theory/
Framework
/Model
None reported

Design

Sample &
Setting

Survey/ Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Recruited
participants were
randomized to
intervention (8 90minute workshop
sessions) or control
group delayed
intervention for 1
year. Data was
collected at
baseline and at 6
months.

N= 402

Weight change was a
primary outcome.

Intervention group
demonstrated weight
loss (average of 2.7 lbs
compared to 0.9 in the
control group), reduced
risk of T2DM
development, increased
confidence in ability to
read food labels, and
reduced sedentary time.

The group lifestyle
change program was
facilitated by trained
peers and designed to by
culturally appropriate and
for a target audience with
low health literacy which
may be more effective for
an ethnically diverse and
low socioeconomic
population.

Level II

Overweight and
obese adults in
New York City,
ethnically
diverse, lowincome

Oral glucose
tolerance testing and
HBA1C used to study
diabetes status.

85% female,
73% Latino,
23% Black

Vulnerable individuals
may not be able to
achieve 5% weight loss
due to the environmental
and economic factors that
promote unhealthy
lifestyles.

Almost 50%
food insecure
and uninsured

Collaborative
Care Model
mentioned
briefly

Data from the
NHANES was
extracted given
inclusion and
exclusion criteria
and analyzed with
descriptive
statistics.

N= 7,713
Adults, aged 20
years or older,
who completed
the food security
questionnaire,
depression
screener, selfreported
prediabetes or
diabetes, FPG
consistent with
prediabetes or
diabetes
diagnosis

Randomized
control trial
(delayed control
intervention)

National Health and
Nutrition
Examination Survey
(2011-2014)
USDA Food
Insecurity Scale
Patient Health
Questionnaire-9
Global Physical
Activity
Questionnaire
Fasting blood glucose
used to assess
diabetes status

There is a high
prevalence of food
insecurity among people
with prediabetes and
food insecurity in
prediabetic adults is
significantly associated
with depression.

The association of
prediabetes with
depression has
implications for treatment
considerations related to
screening for social
determinate of health and
psychological distress.
Screening for food
insecurity should be
considered for
prediabetic patients.
However, no conclusions
related to causal effect
cannot be drawn from
this research.

Level IV
Cohort survey,
retrospective
data analysis,
descriptive
statistics
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Author/ Year

Purpose

Murillo et al.
(2017)

Examine the
association
between food
insecurity and
prediabetes
using NHANES
data.

Theory/
Framework
/Model
None
reported

Design

Sample & Setting

Survey/
Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Data from
NHANES was
analyzed to identify
correlations
between subgroups
of food insecure
adults and
prediabetes.

N = 19,048

National Health
and Nutrition
Examination
Survey (20112012)

Food insecure nonHispanic white and nonHispanic Black women
have strong associations
with prediabetes. A
statistically significant
correlation between
prediabetes and food
insecurity among
Hispanic men and
women was not
demonstrated.

Food insecurity is
associated with
prediabetes. Data related
to this topic may be
limited by lack of access
to healthcare and low
awareness of prediabetes
status.

Level IV

Offering the DPP
program in this study is
estimated to have $292
of net cost per
participant, indicating
that offering this
program is
unsustainable in the
current health care
payment model.

New payment models
may need to be
considered to make
implementation of DPP
programs cost effective
in organizations that
serve low-income
populations. This
furthers health disparities
by limiting access to care
and interventions that
encourage health
promotion and disease
prevention.

Level IV

Participants are eager to
participate in diabetes
preventions programs,
and recommendations
were identified to tailor
the program to the
population.

Interventions for
predominantly lowincome, Hispanic
populations should
consider a range of
cultural and social
factors.

Level VI

Adults, less than
300% of the
federal poverty line

USDA Food
Insecurity Scale
Prediabetes was
self-reported.

Ritchie &
Gritz (2018)

Rivers et al.
(2020)

Explore the
implications of
pay-forperformance
reimbursement
for Medicare
Diabetes
Prevention
Program and its
impact on lowincome,
minority
populations in
light of
potential
Medicare
reimbursement.

None
reported

Describe the
barriers and
facilitators for
translation of
the DPP
curriculum to
the needs of a
low-income
Hispanic
population in
southern
Arizona.

None
reported

Analysis of cost
and benefit was
conducted for
patients enrolled in
a diabetes
prevention program
who have Medicare
insurance.
Projections of
future
reimbursement
were also
estimated.

N= 213

Six focus groups
were conducted
using a script
developed by the
researchers

N = 39

Medicare
beneficiaries
enrolled in a DPP
program offered at
Denver Health.
64.3% female,
40.6% Latino,
31.6% Black

Participants were
selected from the
patient population
at El Rio
Community Health
Center (FQHC).
Women with a
history of
prediabetes or
gestational
diabetes.

Consumer Price
Index utilized for
cost adjustments.
Primary outcomes
were the percentage
of patients meeting
the weight loss
goals from CMS
and the program
attendance.

Questions
developed by the
researchers.

Retrospective
data analysis,
descriptive
statistics

Cohort study,
retrospective
analysis without
experimental
design

Qualitative
Study (focus
groups)
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Purpose

Strodel et al.
(2019)

Explore the
impact of
prediabetes
diagnosis on the
beliefs and
health
promoting
behaviors in
young,
Hispanic
women.

Tseng et al.
(2017)

Van Name et
al. (2016)

Theory/
Framework
/Model
None
reported

Describe the
prevalence of
metformin use
in prediabetes
in the US using
NHANES data.

None
reported

Investigate the
impact of a
modified
diabetes
prevention
program on
low-income,
inner-city,
Hispanic
women with
prediabetes.

None
reported

Design

Sample & Setting

Survey/
Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Visitors to the
clinic who met
inclusion criteria
were invited to
participate in a
survey. Data from
the survey was
analyzed with
descriptive
statistics to look for
correlations
between
prediabetes
diagnosis and
health promoting
behavior and
understanding of
diabetes risk.

N= 214

Risk Perceptions
Survey:
Developing
Diabetes (validated
instrument)

80.4% of the prediabetic
women who participated
reported that diagnosis
caused worry, but they
were no more likely to
report recent lifestyle
changes or plans to
change their lifestyle in
the future than those
without a diagnosis of
prediabetes.

It is possible that
diagnosis of prediabetes
is not associated with
behavior changes to
prevent diabetes although
it is associated with
higher risk perception.
More research may need
to be done to understand
the barriers to lifestyle
change.

Level IV

Retrospective,
statistical analysis
of data from 20052012 NHANES
survey data

N = 7,652

National Health
and Nutrition
Examination
Survey (20052012)

Metformin uses was less
than 1% for US adults
with prediabetes.

Women with
prediabetes were
recruited and
randomly assigned
to the intervention
or control group.
The intervention
was a DPP,
modified for group
format in a CHC.
Measurements
were taken at
baseline and at 1
year.

N= 122

Oral glucose
tolerance test used
to determine
prediabetes status

The intervention group
lost 3.19kg at the end of
the 14 week intervention
and a total of 3.8kg at 1
year, compared to the
control group which
gained 1.4 kg at one
year.

Patients of a FQHC
in New Haven, CT,
female, ages 18-49,
Hispanic

Adults (20 years
old and older), not
pregnant,
prediabetes based
on HbA1c or 2H
OGTT, not taking
metformin or other
diabetes
medications.

Women with
prediabetes who
are patients at an
FQHC in New
Haven, CT

Changes in fasting
blood glucose were
insignificant.

Survey of a
cohort

Level IV
Cohort study,
descriptive
statistics

Modifying a DPP for
low-income populations
may be a feasible
intervention that
demonstrates weight loss.
It is possible that this
study was not adequately
powered to detect
improvement in blood
glucose levels, a relevant
marker of metabolic
function.

Level II
RCT

73
Table C.1 Continued
Author/ Year

Purpose

Walker et al.
(2018)

Investigate the
efficacy of a
modified DPP
for men with
minority
ethnicities from
low-income
neighborhoods
in New York
City.

Wright et al.
(2019)

Examine the
associations
between food
insecurity and
prediabetes
among various
subgroups of
adults in the US
using NHANES
data.

Theory/
Framework
/Model
None
reported

None
reported

Design

Sample & Setting

Survey/
Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Participants with
prediabetes were
recruited and
enrolled into the
intervention Power
Up for Health (16week adaptation of
the NDPP). Preand postintervention
measures were
recorded and
analyzed.

N = 23

Weight loss,
lifestyles activities,
depressive
symptoms, and
self-reported
health.

Participants in this pilot
study lost weight. Selfreported lifestyle
behaviors, health status,
and symptoms of
depression improved
after the intervention.

Small number of
participants and limited
number of groups make
generalizations of the
results difficult.

Level III

Publicly available
data from
NHANES (both
self-reported
surveys and mobile
examination
information) was
collected and
analyzed using
multivariable
regressions to
explore
correlations
between food
security and other
variables

N= 25,814

Food insecurity at any
level is correlated with
prediabetes.

Food insecurity is
positively associated with
prediabetes, which
presents a possible target
for interventions.

Black and Latino
adult men with
BMI greater than
or equal to 25

HbA1c was used to
diagnose
prediabetes.

Adults aged 20 and
older, with
available
information related
to food security
status and HbA1c
levels.

National Health
and Nutrition
Examination
Survey (20052014)
USDA Food
Security Scale
HBA1C used to
determine
prediabetes status
BMI measured

Those with low/very
low food security in
comparison to full food
security are 1.35 times
more likely to be
prediabetic.
Younger patients (age
20-34) with very low
food security has the
highest correlation; 1.78
times more likely to
have prediabetes than
their full food secure
peers

Quasiexperimental
testing of an
intervention

More research is needed
in order to study the
feasibility and
acceptability of modified
DPP programs for men
from low SES
neighborhoods.

Limitations include that
this research is causal
only and does not offer
any possible explanations
of this correlation.

Level IV
Retrospective
data analysis,
Cohort Study
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Purpose

Wu et al.
(2017)

Describe the
prescribing
practices for
metformin in
low-income and
Medicaid
insured patients
in South
Carolina.

Theory/
Framework
/Model
None
reported

Design

Sample & Setting

Survey/
Instruments

Findings

Implications for practice

Grade/ Level of
Evidence

Retrospective
observational
analysis of
Medicaid claims
data in South
Carolina from 2009
to 2014.

N = 7102

Descriptive
statistical analysis
used to determine
frequency of
metformin
prescription and
time to intiation.

Metformin prescribing
to treat prediabetes
among low income and
Medicaid insured
patients in South
Carolina is less than 8%.

Intensive lifestyle
changes have shown to
be more effective at
preventing or delaying
progression from
prediabetes to diabetes,
but metformin is
recommended by the
ADA for certain patients
with prediabetes.
Metformin may be a costeffective treatment option
that is underutilized.

Level IV

Adults with
prediabetes
enrolled in South
Carolina Medicaid
insurance,
identified by ICD-9
dx codes

Patients with the
following characteristics
were more likely to be
prescribed metformin:
older age, Black race,
HTN, obesity, and
dyslipidemia.

Retrospective
data analysis
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SURVEY FOR PARTICIPANTS
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Algorithm Validation Survey
Purpose: The purpose of this survey is to evaluate the content and feasibility of the
accompanying algorithm for screening and management of prediabetes in patients with low
socioeconomic status in rural communities.
Procedures: This DNP scholarly project received approval from the University of Northern
Colorado Institutional Review Board in the Office of Research on [insert date]. As a participant
with expertise in the topic of the project, you are being asked to review the accompanying
clinical algorithm and provide feedback to guide its development. You will be asked to provide
basic demographic information and to answer questions about the algorithm. The responses will
be kept anonymous and confidential. They will only be used to inform revisions to the algorithm.
The data collected will be de-identified and stored securely.
Questions: If you have questions about this DNP scholarly project, please contact the primary
investigator (student researcher) Kyler Hijmans at hijm5340@bears.unco.edu or at xxx-xxxxxxx. The project chair, Dr. Kathleen Dunemn, can be reached by email at
kathleen.dunemn@unco.edu. If you have additional concerns related to your treatment as a
participant, the Research Compliance Manager at the University of Northern Colorado can be
reached at nicole.morse@unco.edu or 970-351-1910.
Consent for Voluntary Participation: Participation in this project is voluntary. You may
choose not to participate, or if you initiate participation, you can choose to stop and withdraw at
any time. By completing and submitting this survey, your consent to participate is implied.
Demographic Information
1. What is your current professional role?
a. Medical Doctor
b. Doctor of Osteopathy
c. Nurse Practitioner
d. Physician Assistant
e. Other (please specify)
2. Number of years working in your current profession:
a. 0-1
b. 2-4
c. 5-9
d. 10+
3. Do you have experience working with patients with prediabetes?
a. Yes
b. No
4. Do you have experience working with patients who have low socioeconomic status (low
social standing as measured by income, educational attainment, financial security, and subjective
perception of social class)?

a. Yes
b. No
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5. Do you have experience working with patients in rural communities (defined in Colorado
as counties with no cities over 50,000 residents)?
a. Yes
b. No
6. Are you able to fluently read, write, and comprehend English?
a. Yes
b. No
Algorithm: Please critically review the algorithm (see the file attached to the associated email)
and answer the following questions.
7. Is the presentation of the algorithm clear (easy to read and organized)?
a. Yes
b. No
c. Optional free text response:
8. Do you find the content of the associated algorithm to be valid (evidence-based and
consistent with your medical knowledge and training)?
d. Yes
e. No
f. Optional free text response:
9. Does the enclosed algorithm that is specific to screening for prediabetes contribute to
clinical decision-making regarding patient care?
a. Yes
b. No
c. Optional free text response:
10. Does the enclosed algorithm that is specific to the management of prediabetes
contribute to clinical decision-making regarding patient care?
a. Yes
b. No
c. Optional free text response:
11. Would this algorithm contribute to the efficiency and accuracy of patient care for those at
risk for prediabetes in your clinical practice?
a. Yes
b. No
c. Optional free text response:
12. Is there something in the algorithm that you recommend be changed (for example, moved
to a different spot, added, or removed, etc.)?
a. Yes
b. No
c. Optional free text response:
13. Could these algorithms be used in your current practice setting?
a. Yes
b. No
c. Please explain your response:
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14. Do you have any suggestions related to best practices to implement this algorithm in your
practice setting?
a. Yes
b. No
c. Please explain your response(s):
15. Is there any other feedback that you wish to provide?
a. Yes
b. No
c. Optional free text response:
Thank you for reviewing the proposed algorithm for the screening and management of
prediabetes in patients with low socioeconomic status who live in rural communities. The data
from your responses will be aggregated and analyzed with that of the other participants, and a
revised algorithm will be created.
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APPENDIX F
RECRUITMENT LETTER
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Dear Colleague,
As a candidate for the Doctor of Nursing Practice (DNP) degree at the University of Northern
Colorado School of Nursing, I am interested in the creation and validation of a clinical algorithm
for screening and management of prediabetes in rural populations with low socioeconomic
status. I am looking for advanced practice healthcare providers with expertise in this topic to
participate in my DNP scholarly project.
Prediabetes affects 1 out of every 3 American adults, and notable health disparities exist among
populations with low socioeconomic status and in rural communities. Effective management of
prediabetes can prevent or delay the onset of type 2 diabetes and its associated comorbidities, but
only about 20% of patients with prediabetes are aware of their status. The goal of this project is
to create a clinical algorithm that will provide evidence-based and expert-informed guidance for
healthcare decision-making, and I am inviting you to participate by using your clinical expertise
to critically review the proposed algorithm.
If you agree, you will review the attached draft algorithm and complete an online survey with
dichotomous (yes/no) questions focused on the content and feasibility of the algorithm. Spaces
for optional free-text responses are provided if you would like to provide an explanation of your
answer. The total time for participation is estimated to be 15 to 30 minutes. Participation is
completely voluntary, and you may choose to withdraw from participation at any time. The
survey responses will be kept anonymous and confidential. They will be used only to revise and
finalize the algorithm.
The draft algorithm is attached to this email for your review and reference while completing the
survey if you choose to participate. By completing and submitting the survey, your informed
consent for participation is implied.
The survey can be accessed here: [insert a hyperlink to the survey on Qualtrics]
Please complete and submit the survey by [insert date].
This DNP scholarly project was approved by the University of Northern Colorado IRB on [insert
date]. If you have any questions, you may contact me by email at hijm5340@bears.unco.edu.
The DNP Project Chair can be reached at Kathleen.dunemn@unco.edu. If you have any concerns
about your selection or treatment as a participant, please contact the Research Compliance
Manager at nicole.morse@unco.edu or 970-351-1910.
Please share or forward this email to your colleagues who may also be interested in participating
in this project.
Thank you for your consideration.
Sincerely,
Kyler Hijmans, MSN, FNP-BC
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APPENDIX G
SURVEY RESULTS
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Table G.1
Survey Results
Yes
n (%)
8 (100)

No
n (%)
0 (0)

No
Response
0

Do you find the content
of the associated
algorithm to be valid
(evidence-based and
consistent with your
medical knowledge and
training)?

7 (87.5)

1 (12.5)

0

Does the enclosed
algorithm that is specific
to screening for
prediabetes contribute to
clinical decision-making
regarding patient care?
Does the enclosed
algorithm that is specific
to the management of
prediabetes contribute to
clinical decision-making
regarding patient care?
Would this algorithm
contribute to the
efficiency and accuracy
of patient care for those
at risk for prediabetes in
your clinical practice?
Is there something in the
algorithm that you
recommend be changed
(for example, moved to
a different spot, added,
or removed, etc.)?

8 (100)

0 (0)

0

I think the only potential thing to tease out a little more is
how these recommendations differ from screening for
diabetes (or any indication to break out screening for
prediabetes in particular)

8 (100)

0 (0)

0

BUT – the algorithm lines I believe need a slight edit: The
lifestyle interventions appear as if you’re choosing one –
maybe have a singular arrow come down from your
“Lifestyle Modifications” box and *then* go to all 5
boxes.

8 (100)

0 (0)

0

None

1 (14.3)

6 (85.7)

1

6 (85.7)

1 (14.3)

1

Wonderful tool - I think it's going to be super useful. I
wonder if you can have your treatment algorithm designed
such that it doesn't look like choices, Flow charts indicate
*choices* but these are not, eg in the FU/additional
treatment section you are pointing the arrows to multiple
things that need to be screened ie there are multiple
"pathways". Something to look into as going from the
screening (which is choice based flow and has one
pathways) into the mgt (which isn't) is a little confusing.
With some tweaks - yes, definitely.
No only because I have changed specialties and no longer
treat DM

Survey Question
Is the presentation of the
algorithm clear (easy to
read and organized)?

Could this algorithm be
used in your current
practice setting?

Comments
At first glance it may look a little busy, but is easy to
follow step by step if you take one step at a time

Very user friendly, all needed information is available.
Ease of use is key, as in most settings there’s multiple
screens needed in a very short time frame for patient
appointment.
Mostly it's perfect just this: I question the "Repeat
screening every 3 years" - I know this is the rec for the
general population and for people with no or limited risk
factors, but I think the nuance here is that it is "3-year
intervals, with consideration of more frequent testing
depending on initial results and risk status" and clinically,
this is huge; no one I know would screen only q3 yrs in a
patient with considerable CVD risk. Is there a way to
include that small but I think very important element?
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Table G.1 Continued
Survey Question
Do you have any suggestions related to
best practices to implement this
algorithm in your practice setting?

Reponses
I think the second page around management is very useful and could be quickly
implemented in our practice and improve pt care, the initial part could potentially
be implemented as just a combo reasons to screen for diabetes/prediabetes (as
there is not much difference as far as I am aware)
Is there such thing as calling up the ADA or AHA and offering it to them in some
fashion? If they were to edit it and out their stamp on it, it would be instantly
more widely used and therefore more effective, and the data comes from them
already. No clue if that's a thing.

Is there any other feedback that you wish
to provide?

I love this project and I think it's a really, really helpful summary of the evidence
that will be especially helpful for new grads or those who don’t see this high-risk
pop as frequently. Nice work!
excellent work on the project developing a clinically useful tool

